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[English Translation] 
1 19) Japanese Patent Office 
l 12) Laid-Open Patent Gazette (A) 

< 1 1) Laid-Open Patent Application No. Hei-9 (l997)-208268 A 
(43) Laying Open Date: August 12, Year of Heisei-9 (1997) 

(51) Int. CI. 6 : C03C25/02, C08J5/08 
Identification Codes: (Blank) 
FI: C03C25/02, C08J5/08 

Request for Examination: Not yet filed. 

Number of Claims 3, FD (Patent Gazette of 5 pages in the total) 

(21) Japanese Patent Application No. Hei-08 (1996)-039113 

(22) Filing Date: February 2, Year of Heisei-08 (1996) 

(71) Applicant: 000003975 Nitto Boseki Co., Ltd. (Higashi 1, Gonome, 
Fukushima-shi, Fukushima Prefecture) 

(72) Inventor: Koji SUGANO (Izumikawa 20-6, Izumi, Fukushima-shi, 
Fukushima Prefecture) 

(54) [Title of Invention] GLASS FIBER SIZING AGENT AND GLASS 

FIBER FABRIC 
(57) [Abstract] 

[Problem to be Solved] To provide glass fiber fabric well adapted for resin 
impregnation. 

[Means for Solution] Colloidal silica, light precipitated calcium carbonate or 
other inorganic solid particles of 5~2000nm are included in a glass fiber 
sizing agent applied during the spinning of glass fiber. The deposition of the 
sizing agent causes the particles to adhere and form spaces around the 
glass fiber which constitutes yarns so that a resin can be well impregnated 
in glass fiber fabric made from the yarns. 



[Claims] 

[Claim l] A glass fiber sizing agent to be de -oiled by heating, wherein the 
sizing agent contains inorganic solid particles. 

[Claim 2] A glass fiber sizing agent according to Claim 1, wherein the sizing 
agent contains at least a kind of inorganic solid particles having an average 
particles size of 5~2000nm, and selected from the group consisting of 
colloidal silica, light precipitated calcium carbonate, kaolin, finely divided 
talc. 

[Claim 3] Glass fiber fabric comprising glass fiber yarn wherein inorganic 
solid particles according to Claim 2 are deposited in an amount of 
0.001-2.0% by weight, as solids. 
[Detailed Explanation of Invention] 
[0001] 

[Field of Invention] The present invention relates to a sizing agent for glass 

fiber and glass fiber processed with the sizing agent. 

[0002] 

[Prior Art] A sizing agent for glass fiber is applied, during the high speed 
spinning of glass fiber from molten glass, by coating multiple glass 
filaments on a roller applicator or a belt applicator immediately after the 
spinning to protect the glass fiber. The glass fiber sizing agent can be 
largely divided into the agent for yarns and the agent for roving. In the 
following, the explanation shall be made about the agent for yarns. Glass 
fiber bundles processed with the sizing agent are wound on a pipe as a cake. 
The cake is appropriately dried, twisted on a twister and rewound on a 
bobbin to become glass fiber yarns. The yarns are mainly woven to form 
fabric, and after the sizing agent is removed by a de-oiling treatment, such 
as hot de -oiling by high temperature heating for oxidation removal, water 



de -oiling by water washing or washing using a vibration washer, etc., a 
surface treatment agent, such as silane coupling agent etc., is generally 
applied on the surface of the glass fiber to improve resin adhesion and heat 
resistance. 

[0003] After the fabric is impregnated with an uncured resin or a resin 
having a reduced viscosity with a solvent content and solvents are removed, 
a number of thus processed fabrics are plied and pressed to form a 
laminate. Prior art sizing agents used for this purpose have been mainly 
based on starch which can prevent fiber from fluffing and can be easily 
removed by the de-oiling. 

[0004] However, some of recent sizing agents for yarns may contain a 
synthetic resin material such as polyvinyl alcohol (PVA), urethane resin, 
epoxy resin, etc. Starch used for the starch-based sizing agent is available 
as variously processed materials, including the following: natural, 
unprocessed starch such as corn starch/potato starch, etc.; chemical 
modifications thereof, for example, products by etherification such as 
hydroxyalkylation, products by ester ification such as acetylation, 
cross-linked products by reaction with a cross-linking agent such as 
epichlorohydrin, etc.; lower viscosity products prepared by reducing the 
known molecular weight of starch by acid treatment etc. to obtain the lower 
viscosity; etc. An example of a prior art sizing agent formulation may be 
specifically described as follows: 2-10% by weight of a starch-based 
material; 0.2-5% by weight of a lubricant; 0.05-1.0% by weight of a surface 
active agent; 0.01-0.5% by weight of an antisepticagent; and the rest of 
water. 

[0005] Starch is used to form a film for the protection of fiber from all the 
mechanical bending and frictions by bonding and bundling several 



hundreds of glass fiber filaments to form a strand. Starch materials often 
used include corns, potatoes, etc., and chemical modifications thereof, for 
example, products by etherification such as hydroxyalkylation. etc., are 
also frequently used. A lubricant is used for the reduction of mechanical 
frictions to protect the fiber by providing the strand with lubrication. 
Frequently used kinds of the lubricant include hardened oils prepared by 
the hydrogenation of animal or vegetable oil, paraffin wax, esters of a 
higher saturated fatty acid and a higher saturated alcohol, etc. Cationic 
lubricants are used for the purpose of reducing the mutual friction of 
filaments in the strand by softening glass fiber, and examples thereof 
include alkyl quaternary ammonium salts, amides obtained by the 
condensation of polyethylene amide with a higher fatty acid, imidazoline, 
etc. Surface active agents are mainly used as an emulsifier for the 
lubricant, and frequently used examples of the surface active agent include 
polyoxyethylene alkyl ether, etc. An antiseptic agent mainly used is 
formalin. 

[0006] As a glass fiber sizing agent containing colloidal silica as solid 
particles, Japanese Published Patent Application Hei-01 (l989)-203247 B 
discloses a glass fiber rojringjbmder for FRP spray-up, wherein colloidal 
silica is formulated in po lyvinyl acetate. Also, Japanese Laid-Open Patent 
Application Hei-06 (l994)-248572 A discloses a technology wherein glass 
fiber fabric impregnated with colloidal silica and dried is opened by means 
of a vibration washer, and subsequently, fiber fabrics impregnated with a 
resin are laminated and pressed under heating. The former teaching 
relates to reducing the sliding of glass fiber roving for improved cutting 
properties by the application of a sizing agent containing colloidal silica. 
The latter teaching relates to introducing colloidal silica among glass fibers 



to provide spaces among fibers for improved resin impregnation by 
applying colloidal silica to glass fiber fabric and subsequent opening by 
means of a vibration washer, etc. However, because of the warp and weft 
crossings in the fabric, it has been considerably difficult to homogeneously 
introduce colloidal silica when the fabric is observed from the micro view 
point. 
[0007] 

[Problem to be Solved by Invention] Sizing agents constituted by 
combination of these compounds have excellent properties and have been 
practically used. However, as the speed and efficiency of glass fiber 
production become increased, the increased amount of glass fiber is wound 
up at one time and the cake becomes larger. As the cake package becomes 
larger, a part of fiber is broken within the cake and more fluffing is caused 
to the glass fiber yarns. This phenomenon is assumedly caused as follows^ 
as an increasing amount of glass fiber is wound up on a pipe to a larger 
diameter, an increasingly larger tension is applied to the glass fiber upon 
winding and a large force so as to crush the inner layer of glass fiber is 
generated, thus breaking a part of glass fiber. Otherwise, it has been 
desired to improve the efficiency of laminate production by reducing a time 
required for the resin impregnation of glass fiber fabric woven from glass 
fiber and thus to reduce the cost of laminate production. 
[0008] The present invention relates to a newly developed glass fiber sizing 
agent to solve said problems, and the purpose of the present invention is to 
provide a sizing agent capable of producing glass fiber yarns with excellent 
cake shape stability during glass fiber spinning, with a similarly low level 
of fluffing during the step of fabrication as in the prior art winding amount 
even when the winding amount is increased, and with excellent resin 



impregnation of glass fiber fabric woven from the glass fiber yarns, and 

glass fiber processed with the same sizing agent. 

[0009] 

[Means for Solution] The present invention has solved said problem by the 
use of a sizing agent containing at least a kind of inorganic solid particles 
such as colloidal silica, kaolin, light precipitated calcium carbonate, etc., 
and by the deposition of these solid particles on the glass fiber in an amount 
of 0.001-2.0% by weight, as solids. 
[0010] 

[Mode of Working Invention] Said problem is to be solved by the addition of 
inorganic solid particles such as colloidal silica, etc. to a sizing agent in this 
manner, but some surface active agents are incompatible with colloidal 
silica and inclusion thereof may sometimes cause gelation, separation, etc., 
and therefore, components for the sizing agent should be determined in 
consideration of these factors. The sizing agent component is effective for 
prior art type sizing agents mainly based on starch but also effective for 
sizing agents using synthetic resin materials such as polyvinyl alcohol 
(PVA), urethane resins, epoxy resins, etc. Inorganic solid particles to be 
used according to the present invention include kaolin, light precipitated 
calcium carbonate, finely divided talk, powdery fumed silica (made by 
Japan Aerosil Co., Ltd.), colloidal silica, etc. These particles to be used are 
not decomposed at a temperature for hot de-oiling and have a particle size 
of 5-2,000 nm. 

[0011] Colloidal silica is amorphous silica in a stable dispersion without 
precipitation in water or organic solvents and having a particle size of 
approximately 5-100 nm, and is sometimes called silica gel. Colloidal silica 
can be obtained by the polymerization of silicic acid obtained by the 



hydrolysis of aqueous sodium silicate solution (water glass), silicate esters 
or silicon halides, until the polymer size grows to a colloidal one. The 
particles of colloidal silica thus obtained are generally globular, and the 
most of the inner portions are constituted siloxane bonds (-Si — O — Si — ) 
but the particles is covered with silanol groups (-SiOH) on the surface 
layer. 

[0012] According to the present invention, a kind of inorganic solid particles 
such as colloidal silica can be used alone for blending in the sizing agent, or 
2 or more kinds of inorganic solid particles can be used in combination for 
blending in the sizing agent. Any compound may be used in the sizing agent 
in blending with the inorganic solid particles according to the present 
invention, as far as it does not cause a problem in their compatibility. 
[0013] A solid content of the inorganic solid particles such as colloidal silica, 
etc. in the sizing agent is 0.001-20.0% by weight, preferably 0.01-5.0% by 
weight, and more preferably 0.1-2.0% by weight. When the content is less 
than 0.001% by weight, the inorganic solid particles such as colloidal silica, 
etc. cannot be deposited on glass fiber in a sufficient amount for achieving 
their effect of promoting the resin impregnation, while the coating of the 
inorganic solid particles cannot be applied on glass fiber in excess of 20.0% 
by weight. 

[0014] Glass fiber yarn is produced from the strands of glass fiber on which 
a sizing agent containing inorganic solid particles according to the present 
invention is deposited, but no restriction is placed on the glass composition, 
filament diameter, filament cross-section, and number of filaments 
constituting a fiber bundle, and the invention can be applied to any fiber 
bundles. A solid content of a sizing agent deposited on the yarn and 
containing inorganic solid particles according to the present invention is 



0.001-10.00% by weight, preferably 0.1-4.00% by weight, and more 
preferably 0.3-1.50% by weight. If the content is less than 0.001% by 
weight, the effect as a sizing agent cannot be achieved, while the content in 
excess of 10.0% by weight produces too rigidly bundled glass fiber and 
causes difficulty in weaving glass fabric. 

[0015] A solid content of inorganic solid particles to be deposited on glass 
fiber is 0.001-2.0% by weight, preferably 0.01-0.98% by weight, and more 
preferably 0.1-0.6% by weight. 
[0016] 
[Examples] 
(Example l) 

Etherified amylose-rich corn starch 4.0% by weight 

Hydrogenated cotton seed oil 0.5% by weight 

Paraffin wax 1.0% by weight 

Polyoxyethylene polyoxypropylene ether 0.2% by weight 

Reaction product of teraethylene pentamine with stearic acid 

0.3% by weight 

Formalin (an aqueous 4% by weight solution) 0.1% by weight 
Colloidal silica (an aqueous 20% by weight solution) 

0.5% by weight 

[0017] A sizing agent in Example 1 was prepared in the amount of 100kg 
according to the following procedure^ 4kg of etherified amylose-rich corn 
starch was dispersed in 80kg of water, the dispersion was heated to 95^ 
and stirred for 30 minutes at the temperature, and subsequently cooled to 
65*C (as Solution A). In a separate vessel, 500g of hydrogenated corn seed 
oil, l,000g of paraffin wax, and 200g of polyoxyethylene polyoxypropylene 
ether were taken in molten conditions, hot water was added under stirring 



with a homogenizing mixer to a mixture thus obtained, after inversion 
emulsification. the emulsion was diluted with hot water to the amount of 
5kg (as Solution B). In a further different vessel, 300g of the acetic 
acid-activated condensation product of tetraethylene pentamine with 
stearic acid was taken and diluted with hot water to the amount of 3kg (as 
Solution C). Also, lOOg of formalin was taken and diluted with hot water to 
the amount of 1kg (as Solution D). In addition, 500g of colloidal silica 
(Snowtex ST-20 made by Nissan Chemical Industry Co., Ltd. and having 
the particle sizes of 10~20nm and the Si02 content of 20% by weight) was 
taken and diluted with water to the amount of 5kg (as Solution E). 
Solutions B, C, D and E were successively added to Solution A, and the 
mixture was kept at 60X> after the total weight was adjusted to 100kg with 
the addition of water. 

[0018] This sizing agent was applied to glass fiber on a roller applicator to 
the solid content of 0.90% by weight to form glass fiber strands, which were 
wound as cakes. The strands were further twisted to form yarns having 
G75 1/0.07Z. Then, the yarns were warped on a high speed warper (made by 
SUCKER), sized on a sizing machine (made by SUCKER), and woven on a 
high speed jet weaver (made by Tsuda Koma Industry Co., Ltd.) to prepare 
glass fiber fabric having the weave density of 44 warps/25m and 32 
wefts/25mm. Then, the glass fiber fabric was hot de-oiled to remove the 
sizing agent, the fabric surface was treated with a silane coupling agent SZ 
6032 (made by Dow Corning Toray Silicone Corp.) in the concentration of 
0.30% by weight, and the fabric was impregnated with the FR-4 resin. 
Table 1 about the stability of cake shape and the quality of glass fiber fabric 
shows that that glass fiber fabric had a very stable cake shape and 
exhibited excellent resin impregnation. 



[0019] ( Example 2 ) 



Etherified amylose-rich corn starch 



3.5% by weight 



Cross-linked normal corn starch 



1.5% by weight 



Hydrogenated cotton seed oil 



1.0% by weight 



Paraffin wax 



1.0% by weight 



Polyoxyethylene polyoxypropylene ether 



0.2% by weight 



Reaction product of teraethylene pentamine with stearic acid 



0.4% by weight 



Formalin (an aqueous 4% by weight solution) 0.1% by weight 
Colloidal silica (Cataloid S-30H made by Shokubai Kasei Kogyo Co., 
Ltd., having particle sizes of 10~20nm and Si02 content of 30% by 



Except that this sizing agent was applied to G75 glass fiber to the solid 
content of 0.90% by weight, the same procedure in Example 1 was repeated. 
Table 1 about the stability of cake shape and the quality of glass fiber fabric 
shows that that glass fiber fabric had a very stable cake shape and 
exhibited excellent resin impregnation. 

[0020] < Example 3 ) Except that colloidal silica in Example 1 was replaced 
with 0.4% by weight of light precipitated calcium carbonate having the 
average particle size of 40nm, the same procedure in Example 1 was 
repeated. Test results are shown in Table 1. 

[0021] (Comparative Example l) Except that 0.5% by weight of colloidal 
silica in Example 1 was replaced with the addition of water, the same 
procedure in Example 1 was repeated. Test results are shown in Table 1. 
[0022-missing] 
[0023] 

[Evaluation Procedures] 



weight), as solids 



0.5% by weight 



1. Shape Stability of Cake 
The cake appearance was visually observed for classification into those 

with apparent deformation and those without deformation. 

2. Fluff Inspection 

The number of surface fluffing in the product after twisting, and the 
number of surface fluffing in glass fiber fabric woven on a weaver were 
counted for general judgement for 7 rank rating: the rank 1 had the least 
fluffing and the rank 7 had the maximum fluffing while the ranks 2 to less 
than 3 were sufficiently acceptable for the general application. 
[0024] 3. Resin Impregnation 

A predetermined amount (lOmL) of a resin was dropped on de*oiled and 
surface-treated glass fiber fabric (10 X 10cm), and a time lapse until air 
bubbles were removed from the glass fiber fabric was determined for 7 rank 
rating: the smaller number shows that the better result was obtained. 

Resin Composition Used 

Epicoat 1001 (epoxy resin made by Shell Chemical) 100 parts by weight 
Dicyandiamide 2 parts by weight 

Benzyl dimethyl amine 0.2 part by weight 

Methyloxytol 100 parts by weight 

[0025] 

[Advantage] According to the present invention, the external shape of 
wound up cakes is less deformed so that the breakage of glass fiber obtained 
can be reduced and the fluffing of yarns and glass fiber fabric can be 
reduced. Since solid particles are homogeneously deposited all over the 
glass fiber bundle constituting the glass fiber yarn, voids due to the solid 
particles can be secured among glass fibers even in the sections of glass 
fiber fabric where warps and wefts are the most densely crossing each other 



to achieve the homogeneous resin impregnation and the reduction in the- 



time period for resin impregnation. 

[0026] 

[Table 1] 





shape stability 


fluffing 
(rating) 


resin impregnation 
(rating) 


Example 1 


no deformation 


1 


1 


Example 2 


no deformation 


2 


1 


Example 3 


no deformation 


2 


2 


Comparative Example 1 


deformed 


4 


5 



[End] 



